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Abstract
Introduction—Registries are becoming increasingly important for rare diseases as experimental
therapies develop. This report describes the methodology behind the National Registry of
Myotonic Dystrophy (DM) and Facioscapulohumeral Muscular Dystrophy (FSHD) Patients and
Family Members to facilitate the development of other rare disease registries. We also highlight
data about the pathophysiology and select burdens of DM and FSHD reported at baseline and
longitudinally.

Methods—The Registry consists of de-identified, patient reported information collected at
baseline and annually and information from review of medical records. Investigators can use the
Registry to analyze de-identified data and to facilitate recruitment into clinical studies.

Results—To date, the Registry has enrolled 1611 members, facilitated 24 studies, and collected
data annually for up to 8 years. Genetic test results were obtained in 56.2% of enrollees.
Approximately one-third of members used assistive devices and another one-third reported
psychological problems at baseline. Wheelchair use was reported for both short and long distances
by 7.0% of DM and 18.1% of FSHD members. Approximately 60% of members reported their
employment was affected by their disease.

Conclusions—Strengths of the Registry include large sample sizes, stringent review of clinical
and molecular data, annually updated information, and regular interactions between patients and
investigators. Registry data provide new insights into the burdens of DM and FSHD, such as,
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psychological problems and reduced employment. Opportunities abound for investigators to
utilize Registry resources to assess the impact of these and other burdens on health care costs,
progression of symptoms, and quality of life.
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Myotonic dystrophy; Facioscapulohumeral muscular dystrophy; Registry; Disease progression;
Burdens of disease

1. Introduction
Myotonic dystrophy (DM) and facioscapulohumeral muscular dystrophy (FSHD) are the
most common adult muscular dystrophies [1–3]. These diseases are inherited, cause slowly
progressive muscle weakness, and are often disabling. DM consists of two forms classified
as myotonic dystrophy type 1 (DM1) and myotonic dystrophy type 2 (DM2). Symptoms of
both subtypes include delayed muscle relaxation (myotonia), muscle weakness, and
complications involving the eyes, the brain, smooth muscles, and cardiovascular and
endocrine systems [1,4–6]. Distinguishing clinical features are greater distal muscle
weakness and earlier onset of symptoms in DM1 and greater proximal weakness with less
muscle wasting in DM2 [7,8]. In addition, a congenital form occurs in DM1 but not DM2
[1].

Both subtypes are genetic repeat disorders, in which repeats of DNA in a certain gene are
above the normal threshold. DM1 results from a repetitive expansion of the nucleotides
cytosine (C), thymine (T), and guanine (G) [9–11]. Healthy cells have 5–37 sequences of
these CTG repeats, whereas DM1 patients have 50 to more than 2000 of these repeats.
Myotonic dystrophy type 2 (DM2) results from a repetitive expansion of four nucleotides,
CCTG [12,13]. Information on how these genetic repeats cause the symptoms of DM is
discussed elsewhere [14–16]. The estimated prevalence of DM1 is 1 in 8000, and recent
evidence suggests DM2 is similar to or more prevalent than DM1 in certain countries [1,17].

The second most common adult muscular dystrophy is FSHD with an estimated prevalence
of 1 in 15,000 to 20,000 [2,18]. FSHD in almost all cases is caused by a genetic mutation
that leads to shortened fragments of DNA on chromosome 4. Recent data suggest a unified
pathogenic model of FSHD [19]. The symptoms of FSHD include a distinctive pattern of
muscle weakness that affects facial and scapular fixator muscles [3,20,21]. Muscle wasting
often progresses slowly and typically in a descending pattern to include distal anterior leg
and hip girdle muscles. Patients may have hearing loss and retinal vascular pathology [22].

Despite published studies relevant to the natural history of FSHD [23] and DM [24–27],
precise information about the long-term rate of progression of symptoms remains limited. In
addition to the rarity of these diseases, there is a lack of agreement on the most appropriate
endpoint measures to assess long term progression and which biomarkers are informative,
cost-effective, and correlate best with specific disease manifestations and patient-reported
outcomes of well-being and burdens of disease [28].

To meet these needs in DM, FSHD, and other rare diseases, the Office of Rare Diseases at
the National Institutes of Health (NIH) has emphasized the importance of developing
registries to accelerate translational research and to connect patients with investigators [29–
31]. The primary goals of this paper are to: 1.) describe the methods of the National Registry
to facilitate the development of other rare disease registries and guide the creation of
international registries in DM and FSHD; and 2.) present the demographic and genetic
characteristics of current members as well as baseline and longitudinal data on selected
burdens of disease.
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2. Materials and methods
2.1. Purpose of Registry

The goals of the Registry are to assist researchers in the recruitment of patients into clinical
studies, to develop an extensive database of de-identified patient information, and to allow
for the analysis of data related to the pathophysiology and clinical spectrum of disease
manifestations in DM and FSHD.

2.2. Organization and leadership
The Registry is funded by the National Institute of Arthritis, Musculoskeletal, and Skin
Diseases and the National Institute of Neurological Disorders and Stroke. Registry
leadership consists of two NIH Project Officers, an Internal Steering Committee (principal
and co-investigators based at the University of Rochester), and an External Steering
Committee. The Internal and External Steering Committees comprise the Scientific
Advisory Committee, and its members include scientists and clinicians who are recognized
experts in neuro-muscular medicine as well as patient advocates. Principal and co-
investigators have presented and shared information about the Registry with colleagues in
Australia, Peru, Canada, Germany, Italy, Netherlands, and the United Kingdom [32,33]. In
addition, the principal investigator of the Registry currently serves as an advisory member
for the Office of Rare Diseases Research initiatives to establish a Global Rare Diseases
Patient Registry and Data Repository, and most recently served as one of the key-note
speakers at a workshop about model informed consents. Proceedings from this meeting will
be published as guidelines for obtaining informed consents from subjects enrolled in
registries (http://rarediseases.info.nih.gov/PatientRegistry.aspx).

2.3. Patients and data collection
The Research Subjects Review Board at the University of Rochester Medical Center reviews
and approves all Registry materials and activities. Patients in the United States are recruited
to join the Registry through a variety of methods including a public website
(www.dystrophyregistry.org). Patients, investigators, and physicians also learn about the
Registry through recruitment letters sent annually to neuromuscular disease specialists,
advertisements through patient advocacy groups, advertisements on NIH-affiliated and
patient support group websites, and presentations at national and international research and
medical conferences. In accordance with NIH and World Health Organization guidelines,
the Registry is listed on ClinicalTrials.gov
(http://clinicaltrials.gov/ct2/show/NCT00082108), which is a website that “describes
federally and privately supported clinical trials conducted in the United States and around
the world.”

Patients can obtain Registry forms from neuromuscular clinics, by printing forms from the
Registry website, or by contacting the Registry staff (e.g., email, toll-free phone call) and
requesting that an application packet be mailed to them. The application packet to join the
Registry includes:

• Patient Information Form, a disease-specific questionnaire that captures patient-
reported information such as demographics, education and employment, use of
assistive devices, physical limitations, medical history, diagnostic tests,
rehabilitation therapies received, and other medical problems
(http://www.urmc.rochester.edu/neurology/nih-registry/join/index.cfm).

• Release of Medical Information Form, which allows the Registry to obtain medical
records to confirm applicants’ diagnoses.
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• Consent Form, which describes the purpose of the Registry and the benefits and
risks of participation.

All the forms associated with the Registry are paper-based. Patients complete each of the
forms listed above and send the application packet to Registry staff in a postage paid
envelope. Submitted applications are reviewed by Registry staff to ensure that all forms
have been completed adequately. Once an application is complete, medical records for the
patient are requested from the patient’s care providers and reviewed by Registry staff and
investigators.

2.4. Eligibility and classification of enrollees
Eligibility is determined when the Principal Investigator or Co-investigators have confirmed
an enrollee’s consent, reviewed their Patient Information Form, and verified a diagnosis
through medical record review. In order to increase recruitment opportunities, genetic
confirmation of the disease is not required for enrollment in the Registry. The clinical and
genetic criteria for enrollment are outlined in a disease-specific Physician Checklist Form to
facilitate determination of eligibility
(www.urmc.rochester.edu/neurology/nih-registry/research/investigators.cfm). Members of
the Registry are classified as:

• Definite DM or FSHD: Individuals with diagnostic genetic testing according to
current guidelines for DM and FSHD [32,34,35] are classified as “definite” DM or
FSHD.

• Probable DM or FSHD: Individuals without genetic testing but who meet the
defined clinical criteria [1,2,23,35–37] are classified as “probable” DM or FSHD.

• Possible DM or FSHD: Individuals with symptoms suggesting DM or FSHD but
without detailed clinical and genetic testing information are classified as possible
DM or FSHD.

• Unaffected Family: Unaffected blood relatives and spouses complete an
abbreviated Patient Information Form that collects demographic information,
family history, and documents if any diagnostic tests have been completed to rule
out DM or FSHD.

The Physician Checklist Forms were developed by the Scientific Advisory Committee and
capture information on the patient’s pattern of muscle weakness, diagnostic muscle tests
(e.g., electromyography and muscle biopsy results), and diagnostic genetic testing. Several
categories are used to classify enrollees because of the variety and complexity of symptoms,
onset and subtypes of DM and FSHD, variability in clinical and diagnostic procedures,
regional health care differences, the quality of medical records available for review, and the
inclusion of unaffected family members. A member’s classification is updated if additional
diagnostic information becomes available through follow-up data collection.

Benefits to patients who join the Registry include receiving notification of research studies,
learning about advances in the knowledge of their disease, and connecting with experts in
neuromuscular disease.

2.5. Data entry, annually updated forms, and security
Data from the two disease groups are stored in separate Microsoft Access databases. These
databases are very similar in structure, yet contain some differences due to the capture of
disease-specific information. After initial contact is made with applicants, Registry staff
enter demographic data and the dates the application and medical records were received.
After the Principal and Co-investigators have reviewed the medical records and completed
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the Physician Checklist Form to determine eligibility, Registry staff enter information from
both the Patient Information Form and the Physician Checklist Form into the Registry
database.

Annual update forms are sent to members and include information reported in the member’s
baseline Patient Information Form and changes from any previously returned forms. Each
year members can record changes in their symptoms and any significant milestones in their
lives on these forms, which are mailed back to the Registry in a postage paid envelope.
These follow-up data allow investigators to track disease-related changes from year to year
and enable investigators to have the most up-to-date information available to target
recruitment.

The database of the Registry is stored on file servers maintained by the University of
Rochester Information Systems Division. This group is responsible for the security of all
University network servers, including firewalls, virus checking, network and workstation
access passwords, and backup and disaster recovery. In addition to these security layers, the
University of Rochester Neuromuscular Center further safeguards data privacy by requiring
individual application passwords and restricting access of confidential data to only those
staff members with a direct need. Individual identifiers are limited to a single data table. All
other files are linked by a non-informative, random identifier.

The underlying source documents (consent, medical records, patient forms) are similarly
protected. They are locked in file cabinets in secured areas. File folders are stored in ID
number order (rather than by name) to further protect them from unauthorized access.

2.6. Review of research applications and release of information
Investigators are required to submit a brief research protocol and application form to analyze
de-identified data from the Registry database or to recruit members of the Registry to
participate in clinical studies. These application forms are available on the Registry website
or by contacting Registry leaders or staff. Investigators must also submit confirmation of
necessary approvals from their Institutional Review Board. Submitted applications are then
reviewed anonymously by members of the Scientific Advisory Committee to determine the
scientific merit, feasibility, and safety of the study.

Once an application is approved, Registry staff and leadership work closely with the
investigator to facilitate their research plans. To assist recruitment for an approved project, a
list of Registry members potentially eligible to participate is compiled based upon the
inclusion and exclusion criteria submitted by the researcher. The Registry then sends a letter
to each potentially eligible member of the Registry to describe and provide contact
information for the study. Registry members are invited to contact the investigator if they
have questions or if they are interested in participating in the study. The Registry does not
provide any identifiable patient data directly to investigators. At the conclusion of the study,
researchers are required to report the number of participants that were recruited through the
Registry and to acknowledge the Registry if results are published. Results may not be
published for studies or surveys that are not research (e.g., surveys to improve clinic
experience or educational outreach) or if manuscripts are rejected.

To provide investigators with de-identified data for an approved research application,
Registry staff review the inclusion and exclusion criteria in the protocol and develop data
reports based upon all eligible members in the Registry. Registry staff can provide
assistance with clarifying the data and highlighting variables that may correspond to the
specific objectives in the research protocol, but the statistical analysis and summaries are
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performed by the investigator. Researchers are required to acknowledge the Registry if the
results are published.

2.7. Analyses of data at time of enrollment and after follow-up period
We analyzed data from all members of the Registry who have been classified with the
following diagnostic categories from the Physician Checklist Form: definite, probable,
congenital, and juvenile DM1; definite and probable DM2; and definite and probable FSHD.
Congenital DM1 was defined as onset of DM symptoms at age<4 weeks based on
retrospective chart review [1]. Juvenile or childhood DM1 was defined as onset of DM
symptoms at age<10 years and an uneventful prenatal and neonatal history, and normal
physical development in the first year based on retrospective chart review [38].

Select burdens of disease were analyzed at enrollment and at follow-up for members who
met the following criteria: a.) 18 yrs and older, b.) returned at least one annual update form;
and c.) met the inclusion criteria noted above from the Physician Checklist Form. Juvenile
and congenital DM members were excluded from these analyses. Variables analyzed were
use of assistive devices (cane, leg brace, and wheelchair/scooter); use of therapies
(occupational, physical, and psychological counseling); and psychosocial burdens (reduced
employment, disability due to disease manifestations, and psychological problems).

Short-term progression of these burdens of disease was determined by comparing
information collected at enrollment to information reported by patients on their most
recently completed annual update form. We report the mean length of time and the range for
the follow-up period (in years). Data are summarized as the percentage of patients who
reported: 1.) no change; and 2.) increased values (for example, requiring a new assistive
device).

Data are reported as means±standard deviations, frequencies, and percentages. We used T-
tests and chi-square tests to compare results among disease groups. Comparisons were made
between DM1 and DM2 patients, DM1 and FSHD patients, and DM2 and FSHD patients.
Pearson correlations were used to examine the associations between genetic testing results
and clinical characteristics. Significance was set at α = 0.05.

3. Results
3.1. Subject characteristics

3.1.1. Recruitment—Overall, 2373 applications have been mailed to interested
individuals or downloaded from the Registry website; 1851 (78.0%) applications have been
returned. Of the people who returned applications, 1611 (87.0%) were eligible for
enrollment. The remaining 13.0% of people who submitted applications were not enrolled
due to alternative diagnoses or a lack of response to requests for missing application
materials. Patients and unaffected family members learned about the Registry most often
through the Registry’s website (26.6%), their physician (16.7%), and friends and family
(18.5%).

3.1.2. Enrollment—The Registry has enrolled 1611 members since enrollment began in
2002 (Fig. 1). The demographic results indicate that women accounted for a slightly greater
percentage of enrollees in all disease groups (Table 1). Patients from every state have
enrolled in the Registry with highest representation in the South (29.4%), followed by the
Northeast (25.0%), Midwest (24.7%), and West (20.9%).

Ages of onset of symptoms were similar between the Registry and other data. For example,
DM2 members reported having their symptoms first appear on average at 33 years compared

Hilbert et al. Page 6

Contemp Clin Trials. Author manuscript; available in PMC 2013 March 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



to findings from investigators at the University of Minnesota (mean=37 years [4]).
Symptoms for DM1 and FSHD patients commonly develop in the second decade as also
seen in the Registry [1,3].

3.1.3. Genetic test results—Genetic test results have been obtained in 56.2% of enrolled
DM1, DM2, and FSHD members (n=786/1399; Table 1). The average (±standard deviation)
CTG repeat size in DM1 was 419.0±305.0 (n=298) and the average repeat size in congenital
and childhood DM1 was 1040.0±544.6 (n=55). The overall range of CTG repeats was 50 to
2307. Twenty-six members had a positive genetic test indicated in their medical record, but
for various reasons, the exact repeat size was not provided. There was a significant negative
correlation between the size of the CTG repeat and age of onset of the disease in congenital
and childhood DM1 (r=−0.58; p<0.0001) and in adult DM1 (r=−0.35; p<0.0001).

The median size of the DM2 mutant allele was 14,000 base pairs (n=47; range: 300 to
15,600) with no significant association observed with age of onset. Mutant allele sizes were
not available for 21 members who had a positive genetic test recorded in their medical
record. Of note, 40.4% of DM2 members had DNA analyses indicating DM2 mutant alleles
of “greater than 15,600 base pairs” (n=19/47).

The average fragment size of the contracted DNA fragment in FSHD patients was 26.7±7.2
kb (n=316; range: 11 to 48). Deletion sizes were not available in 23 members with a
reported positive FSHD genetic test in their medical record. Smaller DNA fragments were
significantly correlated with earlier onset of disease (r=0.31; p<0.0001).

3.2. Selected burdens of disease at baseline
Approximately one-third of all members used assistive devices for ambulation (Fig. 2).
FSHD members reported significantly more use of wheelchairs for short or long distances
(29.6%) compared to DM1 (23.3%; p=0.02) and similar use compared to DM2 at enrollment
(26.7%; p=0.46). Specifically, wheelchair use was reported as “always” (for both short and
long distances) by 2.4% of DM1, 2.8% of DM2, and 8.3% of FSHD members. DM2
members reported significantly less use of leg braces (2.9%) compared to DM1 (9.4%;
p=0.03) and FSHD (11.3%; p=0.008) subjects at enrollment. No other significant
differences were reported in use of assistive devices at enrollment.

Physical therapy use was significantly less in DM1 (46.0%) compared to DM2 (68.6%;
p<0.0001) and FSHD members (71.9%, p<0.0001) (Fig. 3). More than one-third of members
reported having received psychological counseling (Fig. 3). Psychological problems
occurred in all disease groups, with significantly more problems reported in DM2 (42.9%)
compared to DM1 (31.7%; p=0.02) and FSHD members (28.1%; p=0.003). More than 50%
of all adult members reported that symptoms of their disease adversely affected their
employment (Fig. 4) by forced disability, early retirement, or job loss, or that their job had
been modified to accommodate physical limitations.

3.3. Selected burdens of disease at follow-up
Of all enrollees, the return rate of annual update forms ranged from 80.2% in Year 1
(n=1201 returned of 1497 mailed) to 63.5% in Year 8 (n=209/329). Of those who returned at
least one annual update form, the average length of follow-up was 3.9 years in DM1
(n=511), 3.8 years in DM2 (n=105), and 4.7 years in FSHD (n=487) with a range of 1–8
years. Approximately 5% of members in each disease group reported new use of canes and
less than 2% of each disease group reported new use of leg braces after follow-up. The
greatest increase of wheelchair use for any distance was reported by FSHD members
(28.6%) compared to both DM subtypes (~20% increased use in wheelchairs). The majority
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of FSHD members who reported increased wheelchair use reported a change from no
wheelchair use at enrollment to wheelchair use only for long distance at follow-up (13.9%).
Wheelchair use was reported as “always” (for both short and long distances) by 6.3% of
DM1, 8.3% of DM2, and 18.1% of FSHD members at follow-up. In addition to more
members using assistive devices, approximately 10% of members reported new use of
occupational, physical, and psychological therapies. At follow-up, receipt of disability
insurance was reported by 43.3% in DM1 (10.6% increase from baseline), 39.1% of DM2
(19.1% increase), and 27.6% in FSHD (9.5% increase).

Death occurred in 12.7% of DM1 members (n=65/511) after follow-up, which was
significantly more frequent than in FSHD (2.9%; p<0.001) and DM2 (3.8%; p=0.008).
Average age at death was reported as 55.7±11.0 years in DM1; 70.8± 6.5 years in DM2; and
64.0±11.3 years in FSHD. Death was reported by family members through annual update
forms, telephone, email, or postal letters. The Registry database currently does not capture
information about cause of death because it is not a main outcome of the Registry and
because of potential challenges in acquiring death certificates (sensitivity of families and
various state laws regarding consent of spouses and blood relatives).

3.4. Investigator studies using the resources of the Registry
Investigators have used the resources of the Registry to facilitate 24 research studies on
topics such as excessive sleepiness, pain, pregnancy, and molecular pathology. A description
of each study and how the Registry was utilized (facilitation of recruitment or supplying
anonymous data) are listed on the web
(www.urmc.rochester.edu/neurology/nih-registry/research/protocols.cfm). These approved
studies have included 12 clinical based studies (e.g., involving a drug intervention), 9
questionnaire based studies (e.g., completing a survey on quality of life through the mail),
and 3 studies involving analysis of de-identified data in the Registry. To date, the Registry
has been acknowledged in 10 published manuscripts, 10 poster presentations, and 4 oral
presentations at national and international meetings
(www.urmc.rochester.edu/neurology/nih-registry/publications.cfm).

An example of a published study is “Pregnancy and Birth Outcomes in Women with
FSHD.” Investigators recruited subjects from the Registry and from other resources to
complete a questionnaire on pregnancy and childbirth [39]. These investigators reported that
70% (34/48) of the subjects enrolled in the study were recruited from the Registry.

Another study measured the prevalence of pain in DM and FSHD patients [40]. The
investigators of this study reported that 296 Registry members contacted them to participate
in the study, of which 79.4% (235 of 296) completed and returned the investigators’
questionnaires. Overall, 91% of participants in this study were members of the Registry (235
of 257 total enrollees).

Anonymous data from members of the Registry have been reported in several poster and
platform presentations, including information such as neoplasms in DM1, infantile and
childhood onset FSHD, and burdens of disease. A recent presentation included information
on gastrointestinal symptoms in DM1 and DM2 members of the Registry [41].

4. Discussion
4.1. Effectiveness of the Registry and its use to facilitate recruitment of patients into
clinical studies

Members of the Registry have diverse characteristics including broad age ranges, equal
genders, and broad spectrum of disease symptoms, onsets, and severities. These
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characteristics are consistent with those described in previous studies. For example, Registry
members have similar ages of symptom onset, a wide range of mild to severe symptoms, and
similar psychological problems and use of assistive devices compared to other clinical
studies [2,4,42]. Opportunities exist to further compare our results by analyzing data in
international registries and by developing epidemiological studies similar to research being
conducted by the Centers for Disease Control in other muscular dystrophies [43]. The
methods of the National Registry can serve as a model for international databases in DM and
FSHD and guide the development of other rare disease registries [30,31]. The transferable
strengths of the Registry include stringent review of medical records, annually updated data,
model consent forms, and succinct yet comprehensive collection of data sufficient to
facilitate the recruitment of subjects into clinical studies. Investigators can tailor their
recruitment based on the diverse characteristics and severities of disease manifestations of
members of the Registry.

Recruitment of members for clinical studies has yielded high enrollment rates. For example,
investigators in the Fields Center for FSHD and Neuromuscular Research at the University
of Rochester and University of Leiden Medical Center were approved to use the resources of
the Registry in 2009. The goal of their study is to examine genotypic variations in a large
patient sample and to collect biological samples for analysis of expression profiles of mRNA
and protein products of several candidate genes. Use of the Registry has facilitated the
recruitment of patients with diverse genotypes, inheritance patterns, and phenotypes.
Members of the Registry have expressed a high level of interest in this study. Within one
month after the Registry mailed 221 recruitment letters to eligible members, investigators
received approximately 125 phone calls from patients interested in participating in the study.
To maintain active participation of patients and interest in the Registry, opportunities exist
to provide more information about clinical studies to members and to encourage
investigators to send follow-up letters to patients to describe important information derived
from their research, such as correlates of genetic testing results, natural history of these
diseases, or risks and benefits of various interventions.

4.2. Diagnostic genetic testing results
To increase the sample size and diversity of patients enrolled in the Registry, genetic
confirmation of disease is not required for enrollment. Patients often refrain from genetic
testing because of a documented family history of the disease and privacy concerns. Patients
may also not have adequate health insurance to receive genetic testing. Even if diagnostic
exams have been performed, obtaining medical records is often difficult because there is no
centralized electronic health information system in the United States, diagnostic results can
be 10–15 years old, and patients have seen multiple primary care and neuromuscular
physicians [44]. If additional medical records are obtained, a member’s classification is
updated based on any new genetic testing results and muscle biopsy reports.

4.2.1. Myotonic dystrophy—The Registry has enrolled approximately equal percentages
of genetically confirmed DM1 members with mild symptoms based on small DM1
mutations (less than 100 repeats) and more severely affected members with larger DM1
mutations (above 1000 repeats). Our data confirm previous research indicating a correlation
between larger DM1 mutations and earlier onset of the disease [1,16]. Anticipation (earlier
onset and greater severity of symptoms across generations) is prominent in DM1 and most
evident from maternal transmission resulting in congenital DM1 [1]. Opportunities exist to
conduct additional studies on how the genetic instability of DM1 may contribute to disease
progression over time and across generations. Such information may help lead to therapeutic
interventions that counter the genetic instability [45].
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Associations between DM2 genetic size and severity of disease manifestations are not well
understood or may be lacking compared to DM1 [16]. Data from the Registry correspond to
previous research that has found no correlation between DM2 genetics and age of onset [4].
About 40% of genetically confirmed DM2 members in the Registry had a genetic report
indicating DM2 mutant alleles to be “greater than 15,600 base pairs” as measured by
traditional diagnostic assays [46–48]. Additional research is needed to determine if alleles
greater than 15,600 base pairs can be more accurately quantified and if such information is
clinically relevant and is associated with more severe disease symptoms.

4.2.2. FSHD—Genetic test results of FSHD members enrolled in the Registry indicate a
broad spectrum of genetic mutations. Shorter DNA fragments in FSHD have been shown to
be associated with more severe symptoms [49,50]. Data from the Registry concur and also
indicate that smaller DNA fragments are associated with earlier onset of symptoms.
Additional data from the Registry support the hypothesis that the size of the FSHD mutation
is associated with infantile FSHD and more severe symptoms [51]. Classification of infantile
FSHD was defined as facial weakness before 5 years of age and proximal weakness before
10 years of age [52]. The Registry contains one of the largest samples of patients with
infantile FSHD symptoms (n=53), of which a subset had smaller FSHD mutations, more
severe symptoms requiring greater wheelchair use by the age of 18 years, and greater
hearing loss compared to adult onset FSHD [51]. The mechanisms of these more severe
symptoms remain unknown and require further investigation. Opportunities exist to recruit
members of the Registry with various genetic mutation sizes and to develop studies to
correlate various biomarkers with disease symptoms.

4.3. Burdens of disease
Better understanding of the pathophysiology of DM and FSHD and earlier detection may
help clinicians better manage the burdens of disease most often reported by patients, such as
psychological disorders, pain, and loss of independence [40,53,54]. Nearly one-third of DM
and FSHD members of the Registry reported psychological symptoms at baseline (Fig. 4).
These data concur with the results of a recent study from the Netherlands, in which 32% of
each group of DM, FSHD, and neuropathy patients reported experiencing a psychological
disorder in their lifetime, the most common being depression and phobias [42].
Approximately 25% of adults in the general population report a mental illness [55]. Studies
are necessary to further measure the psychological symptoms reported in DM and FSHD
members in the Registry and to determine how these results compare to those in the general
population and to assess the overall severity of these problems.

Other psychosocial problems were reported by members of the Registry; most prominently,
about 60% of members indicated that symptoms of their disease have adversely affected
their employment (Fig. 4). In addition, approximately 25% of members reported receiving
disability insurance due to their disease. Studies are needed to assess the effects of lost
employment on health related quality of life, caregiver burden, and financial constraints in
patients and their family members.

In addition to psychosocial stressors, pain is a common symptom in DM and FSHD patients.
Approximately 80% of FSHD members reported pain on the Registry Patient Information
Form (data not shown). Data from the Registry compare to results reported by investigators
from the University of California at Davis and University of Washington, who recruited
members of the Registry to complete questionnaires on the effects of pain in DM and FSHD
[40]. Results indicated that 60% of DM (n=78 of130 surveyed) and 82% of FSHD (n=104 of
127 surveyed) subjects reported pain, with approximately 25% of these DM and FSHD
respondents reporting that their pain was severe. Opportunities exist to recruit members of
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the Registry to continue to study pain and biopsychosocial factors and to develop better
treatments for chronic pain, such as medications or assistive devices [56].

A high percentage of members in the Registry report use of assistive devices (canes, braces,
and wheelchairs) but the overall benefit of such treatments and their potential impact on pain
are unknown (Fig. 2). Pain has been reported to be more severe and prominent in patients
using assistive devices [40], but data are limited on the progression of muscle weakness and
use of assistive devices over time in DM and FSHD patients. The greatest change in use of
assistive devices occurred in FSHD members, of whom 18% required a wheelchair for short
and long distances after an average of 4.6 years of follow-up. These results are similar to
those of a previous study in FSHD, in which symptoms progressed such that 20% of
subjects required the use of wheelchairs [2]. The effects of muscle wasting on use of
assistive devices, pain, economic burden, and use of medication and other therapies require
further investigation.

The majority of Registry members reported using occupational and physical therapies at
enrollment and continued to use these therapies after follow-up. Reasons for the small
change in use are unclear, but it may indicate that patients are receiving ongoing benefits of
such treatment. The efficacies of various therapies in the treatment of DM and FSHD have
not been adequately studied and require further research. Additional efforts are needed to
study the effects of such therapies in DM1 members, who were 20% less likely to use
physical therapy at enrollment compared to the FSHD and DM2 members enrolled in the
Registry.

5. Summary
The Registry provides an invaluable resource to track the progression of DM and FSHD
manifestations and to facilitate additional research. Opportunities exist to use the resources
of the Registry to develop collaborative investigations in a number of areas largely
unexplored in DM and FSHD, including physical therapy, medical economics, psychology,
epidemiology, and therapeutic trials.
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cause myotonic dystrophy type 1

FSHD facioscapulohumeral muscular dystrophy

DM myotonic dystrophy
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Fig. 1.
Data summarizes the classification of the 1611 affected members of the Registry (frequency
and percent of total enrollment).
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Fig. 2.
Data summarize percentages of Registry members who reported use of assistive devices for
ambulation at baseline. Wheelchair use is shown for either short or long distances. A
significantly higher percentage of FSHD members reported use of wheelchairs at baseline
compared to DM1 (p=0.02) and similar use compared to DM2 (p=0.55). A significantly
lower percentage of DM2 members reported use of leg braces compared to DM1 members
(p=0.03) and FSHD members (p=0.008) at baseline. No other significant differences were
apparent at baseline. After follow-up, wheelchair use was reported as “always” (for both
short and long distances) by 6.3% of DM1, 8.3% of DM2, and 18.1% of FSHD members.
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Fig. 3.
Data summarize percentages of Registry members who reported use of various therapies at
baseline. A significantly lower percentage of DM1 members reported use of physical
therapy compared to DM2 (p<0.0001) and FSHD (p<0.0001) members at baseline. No other
significant differences were apparent at baseline.
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Fig. 4.
Data summarize percentages of Registry members who reported psycho-social burdens at
baseline. A significantly higher percentage of DM2 members reported psychological
problems compared to DM1 (p=0.03) and FSHD (p=0.003) members at baseline. Disease
manifestations reduced employment opportunities in a significantly higher percentage of
DM1 members compared to FSHD members at baseline (p=0.0008). No other significant
differences were apparent at baseline.
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Table 1

Data summarizes the classification of the 1,611 affected members of the Registry (frequency and percent of
total enrollment).

DM1 (n=622) Congenital and childhood DM1 (n=86) DM2 (n=117) FSHD (n=574)

Mean (±standard deviation)

Enrollment age (yrs) 43.5 (12.1) 12.8 (9.9) 54.3 (12.4) 46.1 (15.9)

Age at onset (yrs) 25.9 (13.0) 3.3 (4.9) 33.5 (13.9) 21.5 (15.0)

Body Mass Index (kg/m2) 25.2 (5.6) 19.6 (6.0) 26.9 (5.2) 24.9 (5.6)

% (n)

Female 51.1% (318) 43.0% (37) 66.7% (78) 52.3% (300)

Genetically confirmed 51.4% (320) 68.6% (59) 58.1% (68) 59.1% (339)

Racial categories

 Asian 0.5% (3) 3.5% (3) 0.9% (1) 2.4% (14)

 American Indian/Alaska Native 0.6% (4) 0% (0) 0.9% (1) 1.1% (6)

 Black or African American 0.6% (4) 1.2% (1) 0 (0%) 0.7% (4)

 Native Hawaiian or Other Pacific Islander 0.2% (1) 0% (0) 0% (0) 0% (0)

 White 95.2% (592) 89.5% (77) 97.4% (114) 93.4% (536)

 Not reported 2.9% (18) 5.8% (5) 0.9% (1) 2.4% (14)

% (n)

Ethnicity

 Hispanic 4.5% (28) 4.7% (4) 0.9% (1) 3.3% (19)
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